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INTRODUCTION 
Amylase is found in germinating seeds of many species. It is 
involved in the mobilization of starch reserves which are transported as 
sugars and utilized by the growing embryo. The sequence of events in the 
development and regulation of amylase activity during germination has best 
been elucidated in the cereal grains. In the dry grain of cereals there 
is generally a low level of beta amylase activity present in the starchy 
endosperm, but very little alpha amylase activity. As the seed imbibes and 
begins to germinate the embryo produces a gibberellin which diffuses to 
the aleurone layer and stimulates the aleurone cells to synthesize alpha 
amylase and other enzymes novo and secrete them into the starchy 
endosperm. This stimulation of amylase synthesis by gibberellin may be 
inhibited by abscisic acid. It has been theorized by Boothby and Wright 
(1962) that cytokinins in turn may overcome the inhibition and allow 
gibberellin to stimulate amylase synthesis in the presence of the 
inhibitor. 
Most cereals seem to follow this pattern, but it has not been 
shown to occur in dicot seeds. Bradbeer and Pinfield (1967) however, 
did find that gibberellin increased the activity of isocitrate lyase in 
cotyledons of Corylus avellana. This enzyme is involved in the 
mobilization of the cotyledonary oil reserves in these seeds. 
Seeds of Polygonum pensylvanicum have two structural characteristics 
in common with cereals that might indicate parallel functioning of 
gibberellin and amylase during germination. These are; a starchy 
endosperm and possession of an aleurone layer. In a comparative 
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morphological study of seeds of hundreds of species Martin (1946) con­
sidered the seed structure of the Polygonaceae to be more similar to 
grass seeds than to most other dicot seeds. 
This study is an attempt to follow the development of amylase 
activity in germinating seeds of Polygonum pensylvanicum and to determine 
the tissue of origin of the amylase activity and its responses to exogenous 
plant hormones. 
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LITERATURE REVIEW 
Amylase in Seeds 
The presence of amylase in seeds of several species and the changes 
in amylase activity during germination have been studied by many 
researchers. As early as 1914, Woodcock suggested that in Polygonum 
the aleurone layer "secretes a ferment" during germination, that converts 
the insoluble starch of the endosperm into a form available for the 
germinating embryo. Most studies of this nature have been concerned with 
cultivated cereals and related species. In studies of dicots Newton 
(1941) and Laufer, Tauber, and Davis (1944) determined that levels of 
beta amylase activity in soybeans were changed very little by germination. 
No alpha amylase activity was detected. Swain and Dekker (1969) showed 
that both specific and total alpha amylase activity increased in cotyledons 
of germinating peas during the first 10 days of germination. Most of the 
increase occurred after day 5 and was more dramatic in seeds germinated 
in the dark. Juliano and Varner (1969), working with the same species 
and cultivar as Swain and Dekker, obtained similar results. They found 
low levels of amylase activity during the first 6 days, a gradual increase 
from 6 to 8 days, a rapid increase to a peak on day 9, and a gradual 
reduction to a level of activity similar to day 7 by day 15. They 
attributed the base level of amylase activity to beta amylase present in 
the seeds before germination and the peak in activity to the rapid 
appearance of alpha amylase. They also gave evidence for activation of 
an additional beta amylase component during germination. Rapid degradation 
of starch in the cotyledons coincided with the production of alpha amylase. 
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Many studies have dealt with amylase activity in cereal grains and 
its development during germination. Ugrumov (1935) found that wheat 
seeds showed an increase in both alpha and beta amylase activity during 
germination. The effect of temperature on the development of amylase 
activity in germinating wheat was studied by Kneen, Miller, and Sandstedt 
(1942). They concluded that changes in amylase level were similar at all 
temperatures studied and differed chiefly in the length of time required 
to attain equal levels of amylase. Alpha amylase activity increased 
steadily with seedling growth at all temperatures, essentially paralleling 
increases in shoot length. Beta amylase activity showed a slight increase 
during the first stages of growth after which it decreased somewhat. 
Kneen (1945) also studied the amylase system of sorghum malt, and 
showed it was similar to the barley malt amylase system. He found the 
amylase activity to be alpha amylase with very small amounts of beta 
amylase. 
Bulbrook (1928) found that amylase activity in maize increased with 
germination for at least six days. He found less activity in maize than 
in wheat or malt. Scandalios (1966) could detect amylase activity only 
in germinating seeds of maize. The amylases in germinating maize seeds 
were extensively studied by Dure (1960). He found very little amylolytic 
activity in the ungerminated kernel, all of which was due to beta amylase. 
During germination, both alpha and beta amylase increased in the endo­
sperm. Alpha amylase activity was about lOX that of beta at the peak 
of amylolytic activity. The beta amylase activity appeared to originate 
Scutella from dry seeds did not secrete amylase when placed on agar or 
5 
gelatin. However, scutella dissected from seeds germinated at least three 
days, readily secreted alpha amylase. The presence or absence of the 
seedling axis had no effect on amylase production. 
Murata, Akazawa, and Fukuchi (1968) studied amylase activity in 
conjunction with starch breakdown in germinating rice seeds. Alpha 
amylase activity showed a slow rise for the first six days of imbibition, 
with a peak at 9 to 12 days, and a gradual decline until at least 15 days. 
This pattern of alpha amylase activity paralleled that of starch break­
down and accounted for most of the starch hydrolyzed. Tanaka, Ito, and 
Akazawa (1970) also studied alpha amylase activity in rice. No activity 
was found in the dry seeds. During germination activity appeared by 
day 2. increased rapidly until day 4, and then leveled off. 
Several species in the genus Avena were studied by Drennan and 
Berrie (1962) and Simpson and Naylor (1962). In this genus there appears 
to be a small amount of beta amylase in the dry seeds of both dormant 
and nondormant seeds. Amylase activity did not increase during the 
first stages of imbibition, but increased rapidly from the second to the 
eighth days during germination. Most of the increase was due to alpha 
amylase, but beta amylase also contributed. The increase in activity 
was first noted in the endosperm. Isolated embryos did not develop 
amylase activity, while scutella secreted significant amounts of alpha 
amylase onto starch agar. Excised endosperms showed some tendency to 
develop amylase activity after about 10 days of incubation. 
LaBerge and Meredith (1969) found three beta amylases in barley 
germination. The second was present in the dry grain and was also the 
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major component of 1 day malt. The third was not present in the dry 
grain, but appeared during germination to become the major component of 
beta amylase present in malt extracts. 
Several studies have compared the amylase activity in various seeds, 
especially cereal grains. Erlich and Burkert (1950) found levels of alpha 
amylase in dry grains of barley, wheat, and rye so low as to be 
undetectable. Beta amylase was extracted from the dry grains and the 
yields were increased by extraction with papain, a proteolytic enzyme. 
During germination, the water soluble portion of beta amylase appeared 
to increase at the expense of that portion extractable with papain. 
Similarities were also shown in barley, wheat, and rye by Engel 
(1947). He cut sections from dry seeds with a microtome, extracted 
them, and assayed the amylase activity. There was no activity in the 
bran or aleurone cells. The first layer of starch-containing cells 
below the aleurone layer had high levels of amylase, the inner endosperm 
had moderate levels, and the endosperm next to the embryo had high 
levels. In the embryo the amylase activity was in the scutellum. 
In a similar study Davidson (1945) tested the amylase activity in 
the dry seeds of several species and varieties of crops. Wheat had the 
highest activity, followed by rye, soybeans, and barley. Little or no 
activity was found in oats, maize, rice, buckwheat, cowpeas, or sorghum. 
Papain extraction enhanced amylase activity only in wheat, rye, and 
barley. Kneen (1944) had similar results with some of the same crops. 
He found beta amylase activity in ungerminated seeds of wheat, rye, and 
barley, a trace cf activity ir. cctc, but none in maize, cmrghnTn. n-r rire. 
During germination, the amount of beta amylase declined, :)ut the water 
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soluble fraction increased relative to the fraction extractable with 
papain. All seven cereals showed traces of alpha amylase activity in 
ungerminated seeds and germination increased alpha amylase activity in 
all of them. Wheat had the highest alpha amylase activity, followed by 
rye, barley, sorghum, oats, maize, and rice with the least activity. 
In another study on the effects of temperature on amylase production 
during germination of wheat and sorghum Kneen (1944) found that alpha 
amylase production was closely related to shoot development, which could 
be retarded or accelerated by changes in temperature. At temperatures 
restricting growth alpha amylase production was reduced. 
Gibberellic Acid Effects on Amylase in Seeds 
The ability of gibberellic acid to stimulate amylase activity in 
cereal seeds has been well documented by many workers. However, in one 
of the few studies on dicot seeds, Sprent (1968), found that gibberellic 
acid had no effect on amylase activity in germinating pea cotyledons. In 
the same study, dry cotyledons incubated on agar 7 days showed no amylase 
activity in the presence or absence of gibberellic acid. 
The most extensively studied system for the stimulation of amylase 
activity by gibberellic acid has been barley endosperm and, more specif­
ically, the barley aleurone cells. Among the earlier workers, Paleg 
(1960a, b) found that pretreatment of barley endosperms with gibberellic 
acid increased the water soluble amylase activity. He hypothesized that 
in vivo the embryo secreted a gibberellin which activated the amylases 
and other enzymes in the endosperm. Briggs (1963) confirmed the 
stimulation of amylase and other hydrolytic enzyme activity by 
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gibberellic acid in barley endosperm tissue. He thought that gibberellic 
acid appeared to function by stimulating the living aleurone layer to 
synthesize enzymes ^  novo, rather than by activation of preformed 
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enzymes or precursors. By the use of C -labeled phenylalanine, Vamer 
(1964) was able to show directly that gibberellic acid did in fact 
stimulate ^  novo synthesis of alpha amylase in barley aleurone layers. 
In further studies, Chrispeels and Vamer (1967a, b) found that after a lag 
period of 6 to 8 hours amylase was produced at a linear rate in their 
system of isolated barley aleurone layers. Gibberellic acid was required 
continuously during the period of enzyme synthesis. 
Recently, Jones (1969a) observed that, during the lag phase of 
antylase synthesis, aleurone cells treated with gibberellic acid developed 
more extensive membrane systems than water controls. Associated with the 
membranes were ribosomes and polysomes, which are the sites of protein 
synthesis. Other subcellular components showed no differences between 
gibberellic acid treatment and water controls. 
Other recent studies of gibberellin effects on barley aleurone 
layers by Jacobsen, Scandalios, and Varner (1970) and Tanaka and Akazawa 
(1970) were concerned with characterization of the isozymes of alpha 
amylase which are produced by the tissue in response to gibberellic acid. 
The specific isozymes differed between the two groups of experimenters, 
perhaps because they used different varieties of barley. The sequence of 
appearance of a number of enzymes, including amylase, was studied by 
Pollard (1969) in imbibing wheat and barley aleurone layers treated with 
gibberellic acid. Tn hnrh amylase c-cng the last Lu 
be secreted and gibberellic acid stimulated amylase secretion in both. 
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Other studies of gibberellic acid effects in wheat seeds were made 
by Rowsell and Goad (1964a, b). In their studies, gibberellic acid pro­
moted the appearance of alpha amylase from wheat endosperms and from 
isolated aleurone layers. In addition gibberellic acid also promoted 
the release of beta amylase from aleurone layers. Boothby and Wright 
(1962) showed that gibberellic acid increased the production of reducing 
sugars by wheat seed halves. Wright (1963) also found that treatment of 
excised wheat coieoptiles with gibberellic acid resulted in degradation 
of starch in the tissue. 
The effects of gibberellic acid on amylase secretion by aleurone 
cells of oats were investigated by Naylor (1966). He concluded that 
his data supported the idea that gibberellic acid induced the de novo 
synthesis of alpha amylase in aleurone cells of oats, as had been shown 
for barley. 
Responses of rice to gibberellic acid have been similar to those 
observed with other cereals. Ogawa and Imamura (1965) found that 
gibberellic acid stimulated alpha amylase production in embryoless rice 
endosperms. Not surprisingly, Murata, Akazawa, and Fukuchi (1968) did 
not find any effects of gibberellic acid treatment on the dry weight 
changes or starch breakdown products in germinating whole rice grains. 
They did obtain, however, an increase in shoot length of the seedlings. 
Recently, Tanaka, Ito, and Akazawa (1970) compared the alpha amylase 
isozymes produced by embryo-attached half seeds with those produced by 
embryoless half seeds treated with gibberellic acid and found isozyme 
natterns were essentially similar. From this they concluded that 
gibberellic acid probably plays an intrinsic role in the process of 
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starch breakdown during germination of cereal grains. 
Effects of Substances Other Than Gibberellic Acid 
Several chemicals and plant hormones, in addition to gibberellic 
acid have been implicated as affecting the process of amylase appearance 
in germinating seeds. 
Of particular interest are hormones such as the cytokinins and ab-
scisic acid. In wheat, Boothby and Wright (1962) and Wright (1963) 
determined that kinetin promoted the breakdown of starch in excised 
coleoptiles and also in embryoless seed halves. lAA had no such effect. 
They theorized that kinetin might be promoting starch breakdown by 
removing an amylase inhibitor known to be present in wheat. In contrast 
to the findings of Boothby and Wright, a study by Verbeek, Van Onckelsen, 
and Caspar (1969) showed that kinetin had no effect on isolated endo­
sperms of barley and that it inhibited production of amylase by germinating 
barley seeds after the third day of germination. 
Khan and Downing (1963) and Khan (1969) have explained the relation­
ships and interactions of the cytokinins, gibberellins, and inhibitors in 
the control of alpha amylase synthesis in barley seeds. Using intact 
seeds they were able to show that abscisic acid completely inhibited alpha 
amylase synthesis and seedling growth. This inhibition was only partially 
reversed by gibberellic acid, cytokinins reversed it to a considerable 
extent, and a combination of gibberellic acid and cytokinin completely 
reversed the abscisic acid inhibition of alpha amylase synthesis. 
Inhibition of alpha amylase production by coumarin was only partially 
reversed by either gibberellic acid or kinetin in intact seeds. Khan 
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and Downing felt that cytokinins may be antagonists of inhibitors, which 
may allow gibberellic acid to induce the synthesis of alpha amylase and 
other proteins. They were not able to show any antagonism between 
kinetin and abscisic acid in embryoless half seeds. Abscisic acid 
inhibited synthesis of alpha amylase. Inhibition was partially reversed 
by gibberellic acid, but was not reversed by kinetin. 
The function of abscisic acid in plants has been reviewed by 
Milborrow (1969). It appears to be the natural endogenous factor 
for maintenance of dormancy in seeds of a number of plants. The mode 
of action of abscisic acid is not certain, but there is evidence that 
it may inhibit the action of gibberellic acid as well as block the 
synthesis of gibberellic acid. There is also some evidence that it may 
inhibit directly the activity of alpha amylase. 
Various other plant hormones and other chemicals with physiological 
actions have been tested for their effect on amylase synthesis and 
secretion in germinating seeds. Jones (1968), found that ethylene 
caused an apparent increase in alpha amylase secreted into the medium by 
barley aleurone cells treated with gibberellic acid. However, total 
amylase synthesized was not affected. Sarin and Narayanan (1968) found 
that wheat seeds germinated in salt solutions had reduced amylase activity 
and growth. Both gibberellic acid and Cycocel counteracted the effects 
of salt on amylase activity, but not on growth. A morphactin was tested 
by Krelle and Libbert (1967) and found to have no effect on the synthesis 
of amylase by barley endosperm, either in the presence or absence of 
gibberellic acid. Juliano and Varner (1969) imbibed pea seeds in 
solutions of benzyladenine, chloramphenicol, and cycloheximide in an 
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attempt to selectively inhibit production of alpha amylase or 
phosphorylase. All three had marked effects on development of the 
seedling and greatly reduced amylase production in the cotyledons. 
No selectivity was observed. 
Swain and Dekker (1969) germinated pea seedlings in solutions con­
taining amino acid analogs which were known to inhibit protein synthesis. 
All four analogs reduced the amount of amylase produced, as well as the 
amount of seedling growth. In addition they tested the metabolic 
inhibitors actinomycin D and puromycin. Puromycin had no effect on 
growth or amylase production, while actinomycin D was a potent inhibitor 
of both stem elongation and amylase production. Dawson (1935) found 
that carbon disulfide allowed rapid development of both alpha and beta 
amylolytic activity. Ethylene oxide and CO^ retarded development and 
growth. Ethylene dichloride allowed development of alpha amylolytic 
activity but retarded development of beta amylolytic activity. 
Many different substances were tested for their effects on alpha 
amylase production in embryoless rice endosperms by Ogawa and Imamura 
(1965). No effect was found after application of sucrose, amino acids, 
organic acids, vitamins, minerals, lAA, or kinetin. 
In a study related to chemical regulation of amylase production, 
Sammaddar and Scheffer (1970) showed that Helminthosporium victoriae toxin 
blocked gibberellic acid-induced synthesis and secretion of alpha 
amylase by embryoless seeds of susceptible oats, but not of resistant 
oats or barley. Their data indicated that the toxin was not a competitive 
inhibitor of gibbftrpllic acid, but that the blockage of enzyme production 
may have been an indirect effect. The toxin was apparently effective 
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even on dry seeds. The toxin also prevented germination of susceptible 
seeds, but had no effect on resistant seeds. Another phytotoxic substance 
produced by a root rot fungus, Helminthosporal, has been investigated 
by White and Taniguchi (1969). At equal concentrations of Helminthosporal, 
amylase production was stimulated in the absence of gibberellic acid 
and inhibited in the presence of gibberellic acid. Taking the amount of 
amylase produced in the presence of gibberellic acid as 100% and water 
control as 1%, then Helminthosporal alone produced 25% production, while 
Helminthosporal plus gibberellic acid resulted in 50% production. 
Interaction of Gibberellic Acid with Other Substances 
Other plant hormones may interact with gibberellic acid in the 
control of amylase production by aleurone cells. Verbeek, Van Onckelen, 
and Caspar (1969) found that in germinating barley seeds, gibberellic 
acid alone stimulated alpha amylase production during the first 3 days; 
kinetin alone inhibited amylase synthesis after day 3. Together, the two 
had the same effects with no interaction. The kinetin effect appeared to 
be due to a specific inhibition of amylase production and not to a 
general reduction in protein synthesis. Chrispeels and Vamer (1966) 
and (1967a) studied the interaction of gibberellic acid and abscisic acid 
in aleurone layers of barley with regard to the control of enzyme 
synthesis. Abscisic acid inhibited the enhancement of amylase production 
by gibberellic acid. In the absence of exogenous gibberellic 
acid, abscisic acid also inhibited the amylase production found in the 
control buffer solutions. Increasing the amount of gibberellic acid 
did not overcome the inhibition by high levels of abscisic acid. The 
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kinetics of the interactions were complex and were neither competitive 
nor noncompetitive. Abscisic acid inhibited ongoing enzyme synthesis, 
and prevented the inception of synthesis. Inhibition by low levels of 
abscisic acid was overcome partially by addition of larger amounts of 
gibberellic acid. They felt that the inhibition of enzyme synthesis 
by abscisic acid was due to an inhibition of synthesis of enzyme specific 
RNA molecules. Their alternative hypothesis was that abscisic acid 
prevented formation of an active enzyme synthesizing unit. 
Dey and Sircar (1968) found an inhibitor in rice seeds which was 
very similar to abscisic acid and which inhibited development of 
amylase activity in barley seedlings and embryoless rice half seeds. 
Several researchers have studied the effects of different substances 
on the induction of amylase by gibberellic acid in barley aleurone layers. 
Most substances do not appear to affect the gibberellic acid stimulation 
directly, that is, they are noncompetitive. Jones (1969a) studied amylase 
synthesis by barley aleurone layers incubated in gibberellic acid plus 
various concentrations of polyethylene glycol or mannitol. The effect 
of the osmotic solutions was to reduce synthesis of alpha amylase, 
possibly by reducing the extent of proteolysis of the protein stored 
in the aleurone grains. There did not seem to be any effect on 
respiration or protein synthesis as measured by incorporation of 
C-leucine. 
Yung and Mann (1967) found that barban (4-chloro-2-butynyl N-
(3-chlorophenyl)carbamate) and other herbicidally active phenylurethanes 
within a few hours after addition of gibberellic acid. The inhibition 
was noncompetitive with respect to gibberellic acid and, regardless of 
length of prior imbibition, ability to inhibit was lost within 7 hours 
after addition of gibberellic acid. 
Chrispeels and Vamer (1966) in their investigations with isolated 
barley aleurone layers found, that calcium ions were required for maximum 
amylase production and for stability of the enzyme. Enzyme synthesis 
could be stopped almost immediately by phosphorylation uncouplers and 
protein synthesis inhibitors. Small amounts of actinomycin D were found 
to inhibit release of the enzyme much more than its synthesis. 
Naylor (1966) worked with excised aleurone tissue from dormant wild 
oat seeds. Actinomycin D, an RNA synthesis inhibitor, and puromycin, 
a protein synthesis inhibitor, both inhibited the gibberellic acid 
induced alpha amylase synthesis. He showed also that addition of a 
complete mixture of amino acids and sucrose accelerated the onset of 
alpha amylase production in the presence of gibberellic acid. In the 
absence of gibberellic acid the amino acid mixture stimulated amylase 
production, although somev^at more slowly. A partial set of amino acids 
did not stimulate production of the enzyme to as great an extent as a 
complete mixture. With respect to stimulation of amylase production 
by the amino acid mixtures, nondormant seeds responded in a similar 
manner, but more quickly. Also after 7 days tissue segments from non-
dormant seeds produced alpha amylase in the absence of either gibberellic 
acid or amino acids. Dormant seeds did not develop this capacity. 
General Properties of Amylases 
The properties of any enzyme can best be studied by using 
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preparations of the highest possible purity, in most instances 
crystallized protein. Since purification and careful characterization 
of the amylases were not attempted in this study, no extensive review 
of the properties of amylases is presented. For a general review of 
amylases and their properties and actions, the reader is referred 
to Robyt and Whelan (1968). Several workers have presented data 
concerning amylases from specific seeds: alpha amylase from barley 
malt by Schwimmer and Balls (1949); an amylase from Vicia faba by Green­
wood, MacGregor, and Milne (1965); a beta amylase from soybeans by 
Gertler and Birk (1965); an alpha amylase from cotyledons of germinating 
peas by Swain and Dekker (1966); and beta amylases from wheat by Tkachuk 
and Tipples (1966). These and other references will also lead to the 
literature on purification of amylases. 
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MATERIALS AND METHODS 
This study of amylase activity in seeds of Polygonum pensyIvanicum L. 
required adequate supplies of dormant and nondormant seeds, and appropri­
ate assay procedures for the measurements of the enzyme activity. 
Definition of Terms 
Throughout this discussion the following definitions are used. 
Seed is the dispersal unit, the achene of Polygonum pensyIvanicum. Fruit 
coat refers to the thick, black, waxy, outer covering of the achene. 
Seed coat is the thin, yellowish, inner covering of the seed, visible 
when the fruit coat is removed. Aleurone layer refers specifically to 
the outermost layer of the endosperm of the seed and, more generally, 
to the unit of aleurone layer plus seed coat which adhere together and 
can be peeled as a unit from the starchy endosperm and embryo. Endosperm 
refers to seeds from which the embryos have been removed. 
Seeds 
P. pensyIvanicum seeds were collected from plants grown in weed 
nursery field plots near Ames, Iowa in 1967 and 1969. Seedlings were 
transplanted from wild populations into rows and kept free of other 
weeds during the crop season. Tight mesh, wire screens were placed 
between the rows to intercept the mature, dormant seeds which dropped 
from the plants. The seeds were then swept from the screens, cleaned 
of chaff and stored in cloth bags at 4° C. 
Nondormant seeds were obtained by storing seeds in bottles or 
flasks of water at 4^ C. Seeds harvested in the fall of 1967 were placed 
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in 125 ml erlenmeyer flasks filled with water and stoppered with cotton 
on 17 July 1968. A mat of brown fungus formed on the surface of the 
water, but did not appear to harm the seeds. Seeds taken from these 
flasks germinated 60% after 5 weeks in the water and still germinated 
80% in August, 1970. This technique was used to break dormancy in 
1967 and 1969 seed lots, as supplies of nondormant seeds were needed. 
Seeds were germinated at room temperature on a double layer of 
blotter paper saturated with distilled water and placed in 11 X 11 X 3 
cm plastic boxes with close fitting lids. Nondormant seeds were 
rinsed in tap water, dried about 2 hours, rubbed in a cloth bag to 
remove the calyx, soaked 30 minutes in 20% Clorox solution, rinsed in 
distilled water, and placed in the plastic boxes, 200 to 400 seeds per 
box. Age of seedlings was designated from the time they were placed in 
the boxes and also by measuring length of emerging radicles. After 20 
to 30 hours in the germinators imbibition of fleshy structures associated 
with the seed coat had split the tough outer fruit coat. This 
facilitated dissection of embryos and aleurone layers. 
Reducing Sugar Amylase Assay 
Amylase activity was assayed using the method of Bernfeld (1951) 
to measure reducing sugar groups released by the enzyme. One half ml 
aliquots of enzyme solution were incubated at 30° C with % ml of starch 
solution for the appropriate time intervals; the reaction was stopped by 
addition of 1 ml of Bernfeld's color reagent. The color was developed 
by heating in a boiling water bath for 5 minutes. After cooling, 10 
ml of water were added and the absorbance read at 540 nm on a Bausch 
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& Lomb Spectronlc 20 spectrophotometer. Reducing sugar groups present 
in the enzyme solutions were measured separately and subtracted from the 
values obtained in the assay. Amylase activity was expressed as micro-
moles of maltose equivalents. Reducing groups released by the enzyme 
were made equivalent to known concentrations of maltose by comparison 
with standard maltose curves. 
Bernfeld's color reagent was made by dissolving 5 gr of 3,5-
dinitrosalicylic acid, 100 ml of 2N NaOH, and 150 gr of KNaTartrate in 
water to make 500 ml of solution. Starch solution was prepared fresh 
each day using Baker's Soluble-potato starch powder for iodometry. Starch 
and buffer solution were mixed in a ratio of 4.5 mg starch per ml buffer 
and boiled about 1 minute until clear. The buffer was 4.4 X 10 ^ M 
KHgPO^ plus 2 X 10"3 M CaClg at a pH of 4.9. 
Unless otherwise stated, enzyme solutions were made by grinding 
seeds, seedlings or seed parts with a mortar and pestle in water at 
a rate of 4 seeds per ml. Seeds were ground for 10 minutes or less, 
then centrifuged 10 minutes at 2000 X g. The supernatant was decanted 
and used as enzyme solution. Enzyme solutions were kept over ice for 
the duration of experiments; enzymes or enzyme sources were frozen for 
storage. 
Starch Agar Amylase Assay 
To measure the production of amylase by seed and seedling parts, 
the desired tissues were placed on starch agar using techniques modified 
from Simpson and Naylor (1962) and similar to those of Clum (1967). 
After removal of fruit coats, seeds were placed in 20% Clorox solution 
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for 6 minutes, rinsed in sterile distilled water, dissected aseptically, 
and the desired tissue was placed on the agar. The dishes of agar were 
left at room temperature for 3 or 4 days, then developed by pouring 
I^-KI solution over the agar. Diameters of clear areas surrounding 
the tissues were determined and used as a measure of amylase production. 
Briggs (1962) has shown that under ideal conditions the diameter of the 
clear zone is proportional to the log of enzyme concentration. 
Agar was 1% Difco Special Agar-Noble, 0.5% sucrose and 0.5% potato 
starch. The mixture was dissolved in water by boiling, then poured 
into 5 cm diameter petri dishes and autoclaved 15 minutes at a pressure 
of 20 pounds per square inch. In experiments using hormones in the agar, 
benzyladenine was autoclaved with the agar; gibberellic acid and abscisic 
acid solutions were added to partially cooled agar using a 0.22 jum 
Millipore sterilizing filter. 
Plant Hormones 
Gibberellic acid and benzyladenine were purchased from Sigma 
Chemical Company, St. Louis, Missouri. The (dl)abscisic acid batch 
SD16108 code 1-6-0-0 was supplied as a gift by Shell Development 
Company, Modesto, California. 
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RESULTS 
The experimental results obtained in this study have outlined the 
distribution of amylase activity in germinating seeds of P. pensylvanicum 
and have related development of the activity with the progression of 
germination. The aleurone layer was the source of the amylase activity, 
and secretion of amylase activity by aleurone layers was showi to 
respond to exogenous plant hormones. 
Whole seedlings assayed for amylase activity during germination 
showed a sharp increase in amylase activity as the embryo began to 
elongate, followed by a narrow peak, and then a sharp drop in activity 
as seedling growth progressed. In contrast to this pattern, isolated 
embryos from developing seedlings showed only very low levels of 
amylase activity at any stage of seedling development. Seeds assayed after 
excision of the embryo showed a more gradual rise and fall of amylase 
activity during germination, with a low broad peak later in the sequence 
of development in contrast to the sharp peak of activity obtained with 
whole seeds. The physiological age of the embryo was important in deter­
mining the level of amylase activity assayed. Younger embryos promoted 
more activity in extracts made from combinations of embryos and embryonic 
seeds. 
Aleurone layers secreted amylase onto starch agar while embryos did 
not. Gibberellic acid promoted amylase secretion by aleurones from 
dormant seeds, while benzyl-adenine inhibited secretion. Aleurones from 
germinating seeds showed a high capacity to secrete amylase, regardless 
_ r _ A- c J _ ^  J ^ ^ A ^ ^ A A -it-.K'îK-î «a*T»T 1 oca r»n 
by aleurones from both dormant and germinating seeds. 
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The enzyme activity was stable at temperatures below 40° C. A 
of 1.6 and an Energy of Activation, E, of 8800 calories/mole were 
calculated for the reaction of the amylase extract with soluble starch. 
The enzyme appeared stable at pH values between 5 and 8, and showed the 
highest activity at a pH of approximately 4.5. 
Amylase Activity in Non-Germinating Seeds 
Several attempts were made to demonstrate amylase activity in ex­
tracts from dry, dormant seeds. However, only small amounts of activity 
could be detected with the reducing sugar assay used. The data in Table 1 
show results from an experiment with two seed lots extracted in water and 
-2 -3 
in a buffer solution of 4.4 X 10 M KH^PO^ plus 2 X 10 M CaClg. The 
mean of 0.07 micromoles of maltose equivalents produced in 64 minutes is 
directly comparable to the 0.48 micromoles produced by the extract from 
ungerminated non-dormant seeds shown in Table 2. 
Table 1. Amylase activity, expressed as micromoles of maltose equiva­
lents produced by extracts from dormant seeds. Two seed lots 
were extracted for various lengths of time in water and buffer, 
then incubated 64 minutes under standard assay conditions. 
Seed Extraction Extraction time. minutes 
lot medium 20 40 80 160 320 Means 
1967 water 0.02 0.08 0.11 0.08 0.12 0.08 
1967 buffer 0.02 0.08 0.04 0.06 0.13 0.07 
1969 water 0.06 0.04 0.10 0.08 0.08 0.08 
1969 buffer 0.06 0.06 0.04 0.02 0.04 0.04 
Means 0.04 0.07 0.07 0.06 0.09 0.07 
The levels of amylase activity detected in extracts of dormant seeds 
were near the limits of detection for Bernfelds reducing sugar assay, 
however, there was a suggestion that increasing the extraction time 
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increased the extractable amylase activity. Extraction in water gave 
slightly more activity than extraction in the buffered solution. 
Table 2. Amylase activity of extracts from ungerminated nondorraant 
seeds. 
Minutes of Micromoles Micromoles maltose 
incubation maltose produced produced per minute 
9 0.09 0.0100 
16 0.16 0.0100 
32 0.28 0.0088 
64 0.48 0.0075 
Development of Amylase Activity During Early Seedling Growth 
The presence and the development of amylase activity in germinating 
seeds were determined from extracts made and assayed for amylase activity, 
as described in Materials and Methods. The distribution of enzyme 
activity during early seedling growth was determined by manually dissect­
ing embryos out of the seeds, and leaving the starcy endosperm surrounded 
by the torn aleurone layer and seed coat. Extracts were then made from 
the dissected seed parts. 
In preliminary experiments, whole seedlings were compared with 
dissected seedlings in which the embryos and endosperms were recombined 
immediately before grinding. There was no evidence that enzyme activity 
was lost due to the dissection procedure. In several experiments the 
extractable amylase activity of dissected, recombined seedlings was 
compared with the amylase activity from the embryos and endosperms assayed 
separately. Tliese tests revealed that changes in the amylase activity 
during early seedling growth were more reproducible when age was 
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measured as a physiological age, i.e. length of seedling root than when 
age was measured chronologically. In all experiments, root length was 
recorded just prior to dissection and extraction. 
The rate of seedling development varied somewhat among seeds and 
among experiments, but the general sequence of events was as follows. 
The first sign of germination was splitting apart of the two halves 
of the fruit coat about 24 hours after the seeds were placed in the 
germination boxes. Root hairs became evident when the roots were 5 or 6 
mm long, which was after approximately 40 or 50 hours of exposure to 
germination conditions. Hypocotyls became green and began to grow 
appreciably when the roots were about 15 mm long, after nearly 80 hours. 
Also at this time the starchy endosperm became completely liquified. 
Shortly after the start of growth by the hypocotyl, the cotyledons also 
turned green and began to enlarge. By the time the roots were 30 to 40 
mm long, after 90 or 100 hours, the rapid growth of hypocotyl and 
cotyledons had raised the remains of the seed about 20 mm above the 
medium surface. The fruit coat still retained the empty bag of the seed 
coat which enclosed the tips of the cotyledons. 
The development of amylase activity during germination and early 
seedling growth is illustrated in Figure 1 for dissected, recombined 
whole seedlings. Following germination, amylase activity rapidly rose 
to a high level, peaked when roots had elongated about 6-10 mm, then 
rapidly dropped to very low levels by the time the loocs were 20 or 25 
mm long. Figure 2 illustrates the background level of reducing sugar 
Reducing sugar groups increased rapidly during the first 10 mm of root 
Figure 1. Amylase activity in extracts from dissected recombined whole seedlings as a function 
of physiological age during germination and early seedling growth. The symbols 
represent four separate experiments 
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Figure 2. Reducing sugar groups present in enzyme extracts from dissected recombined whole 
seedlings as a function of physiological age during germination and early seedling 
growth. The symbols represent four separate experiments 
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Figtre 3. Sums of reducing sugar groups present in extracts from endosperms and embryos extracted 
and assayed separately as a function of physiological age during early seedling 
growth. The symbols represent three separate experiments 
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growth, then leveled off and gradually decreased. Figure 3 illustrates 
the reducing sugar groups found in endosperms and embryos extracted and 
assayed separately. The micromoles of maltose equivalents were then 
added and the sums plotted in Figure 3. Since Figures 2 and 3 are 
similar there is no indication that background levels of reducing sugar 
groups were changed during extraction and assay. 
In contrast to the data of Figure 1, the curve for amylase activity 
obtained with extracts from dissected endosperms, illustrated in 
Figure 4, rose gradually to a peak at a root length of about 15 mm, 
and then gradually declined. Endosperms still showed appreciable amylase 
activity at seedling root lengths of 35 or 40 mm. At root lengths of 
about 15 nsn, both endosperms and whole seedlings showed similar levels 
of amylase activity. Figure 5 illustrates the background level of 
reducing sugar groups found in enzyme extracts from dissected endosperms. 
Reducing sugar groups increased during the first 12 to 18 mm of seedling 
root growth then decreased gradually as the starch reserves became 
exhausted. 
As illustrated in Figure 6, amylase activity in the dissected 
embryos was negligible when compared with the amounts found in endo­
sperms or whole seedlings. Addition of the amylase activity values 
for extracts from endosperms (Figure 4) to those from embryos (Figure 
6) would produce a curve which differed markedly from that obtained for 
amylase activity extracted from whole seedlings (Figure 1). Apparently 
the presence of the embryo in the grinding medium stimulated the 
appearance of amylase activity in extracts during the early stage of 
seedling growth, but later inhibited the appearance of amylase activity. 
Figure 4. Amylase activity in extracts from endosperms as a function of physiological age 
during germination and early seedling growth. The symbols represent four separate 
experiments 
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Figure 5. Reducing sugar groups present in enzyme extracts from endosperms as a function of 
physiological age during germination and early seedling growth. The symbols represent 
four separate experiments 
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Figure 6. Amylase activity in extracts from excised embryos as a function of physiological 
age during germination and early seedling growth. The symbols represent three 
separate experiments 
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Figure 7. Reducing sugar groups present in enzyme extracts from excised embryos as a function 
of physiological age during germination and early seedling growth. The symbols 
represent three separate experiments 
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Figure 7 illustrates the background level of reducing sugar groups found 
in enzyme extracts from dissected embryos. Reducing sugar groups in­
creased gradually as the seedlings developed, with most of the increase 
occurring before 10 and after 30 mm of seedling root growth. To explore 
further the effect of the embryo on the level of amylase activity present 
in extracts from seedlings, eight lots of endosperms were dissected from 
seedlings of similar ages, about 9 mm root length, and were combined just 
before grinding with lots of embryos similarly dissected from seedlings 
of several different ages. The results are illustrated in Figure 8. 
Embryos that had not elongated stimulated greatly the amylase activity in 
this system. There was progressively less stimulation of amylase activity 
as age of the embryos increased. Embryos with roots longer than about 15 
mm decreased the detectable amylase activity. Figure 9 illustrates the 
background level of reducing sugars present in extracts from this com­
bination experiment. Reducing sugar groups increased until the embryo 
roots were about 9 mm long, then leveled off. 
Amylase Secretion on Starch Agar 
Starch agar techniques were utilized to measure the secretion of 
amylase activity by the major seed tissues. This technique enabled 
both a determination of the tissue source of the enzyme, and a 
determination of the effects of various seed conditions and plant 
hormones on the ability of seeds and seed parts to secrete amylase. 
During the development of techniques for the agar secretion studies 
it was discovered that placing the intact seeds (fruit coats removed) 
in 20% Clorox solution for a few minutes before aseptic dissection 
Figure 8. Amylase activity in extracts from combinations of endosperms 
from seedlings at a root length of 9 mm with embryos of 
varying ages as a function of physiological age of the 
embryos 
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Figure 9. Reducing sugar groups present in enzyme extracts from 
combinations of endosperms of one age with embryos of 
varying ages as a function of the physiological age of 
the embryos 
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resulted in a much lower frequency of bacterial contamination than that 
encountered when the excised tissues were dipped in Clorox solution. 
Further study of this technique showed that varying the length of time 
that the seeds were in the Clorox produced markedly different levels 
of microbial contamination. 
Table 3 shows the results of two experiments in which aleurone 
layers were excised from germinating seeds which had just split the 
fruit coats. Gross visual contamination was determined using a low 
power dissecting microscope. Aleurone layers, overgrown by bacteria, 
seldom secreted enough amylase to produce a clear area in the stained 
starch agar. Clear areas that were produced by or in the presence of 
bacteria were often irregular in outline. In the absence of visible 
bacterial growth, most clear areas were circular. The fungus that 
developed on the aleurone layers did not have such a marked effect on 
amylase production. It appeared to begin growth at the point of the 
funicular attachment and spread over the seed coat. Small fungal growths 
did not seem to affect the secretion of amylase by aleurone layers. 
Larger growths, however, in which the mycelia covered the aleurone 
layer and spread to the surrounding agar did reduce the size of the 
clear areas. Increasing the time in the Clorox solution reduced the 
occurrence of bacterial contamination. At times longer than about five 
minutes, no bacterial growths were observed. In contrast, fungal growths 
did not occur at soaking times less than five minutes, and increased in 
number and size as soaking time increased. In some manner Clorox 
stimulated germination and/or growth of this fungus. 
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'I'able 3. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurone 
layers from just split germinating seeds in four days. Seeds 
were placed in 20% Clorox solution for various lengths of time 
prior to aseptic dissection. 
Minutes soaked in Clorox 
Experiment I Experiment II 
1 2 4 4 6 8 10 
20 27 25 23 23 22 22 
13 22 25 21 22 21 21 
12 21 23 20 21 21 21 
lOB 20 23 18 20 20 21 
8B 17 22 18 20 20 17 
OB 13 20 17 20F 20 16 
OB IIB SB 17 19 20F 14F 
OB lOB OB 16 12 19 IIF 
OB OB OB 12 5 18 lOF 
OB OB OB 10 0 16F 5F 
OB OB 
OB OB 
B, Bacteria present F, Fungus present 
On the basis of these results, six minutes was chosen as the soaking 
time for subsequent experiments. Very little contamination was 
encountered in subsequent experiments. 
Secretion of Amylase by Seed Parts on Starch Agar 
Preliminary experiments to develop starch agar techniques were 
hampered somewhat by problems of contamination by microorganisms. 
However, considering only those tissues which showed no visible evidence 
of contamination, the results from preliminary experiments indicated that 
excised embryos did not secrete amylase, while excised aleurone layers 
did. Amylase apparently did not Jeak out of the seed coat of intact 
results from such experiments. 
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Table 4. A summary of the growth and amylase secretion by tissues 
placed on starch agar three days before staining. Tissues 
were taken from seeds just beginning to germinate. 
No. of Embryo root 
trials Tissue growth in nm 
14 embryos , 5-8 
7 intact seeds— 30 - 50 
15 aleurones 
5 aleurones 
2 aleurones 
1 aleurone 
Amylase secretion, as 
indicated by agar staining 
light blue halos, no clear areas 
no clear areas 
clear areas 10 mm in diameter 
clear areas 18 mm in diameter 
clear areas 6 mm in diameter 
light blue halo 
3-/ 
— Fruit coats were removed before placing on agar. 
A further experiment was undertaken after refinements in the 
technique lowered the probability of microorganism contamination. 
Germinating seeds were dissected at three different ages and the aleurone 
layer, the starchy endosperm, and the embryo were placed on starch agar 
in the same small petri dish. 
The data summarized in Table 5 show amylase secretion by the tissues 
as related to physiological age, i.e. root length at time of dissection. 
Aleurone layers consistently secreted large amounts of amylase, while 
embryos secreted none or only small amounts. Substantial levels of 
activity were observed coming from the starchy endosperms; presumably 
this had been secreted by the aleurone layer during the earlier phases 
of germination. In no case did the activity from a starchy endosperm 
exceed that secreted by the corresponding aleurone layer. During the 
three days on the agar only the youngest seedling roots increased in 
length, and the hypocotyls elongated less as age at dissection 
increased. 
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Table 5. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar and millimeters of 
seedling elongation by tissues from germinating seeds placed 
on the agar three days before staining. 
Root length, mm Diameter, clear area, mm Root Hypocotyl 
at dissection Aleurone Endosperm Embryo growth, mm growth, mm 
0, just split 21 16 5 
— — 10 0 
20 14 0 
14 13 0  
Means 18.3 13. 3 1.3 15-20 15-20 
3-4 23 22 0  
25 24 
0 
0 
22 13 0  
Means 23.3 19. 7 1.5 none 11-14 
15-20 28 23 0  
28 24 0  
27 24 0  
28 23 12  
Means 27.8 23. 5 3 .0  none 8-13 
Amylase Secretion by Aleurone Layers from Dormant Seeds 
Seeds for the experiments in this study were taken from two seed 
lots harvested in 1967 and 1969. These seed lots were stored dry at 
4° C and had remained dormant. After approximately three years and one 
one year of such storage, 16 aleurone layers wee removed from seeds 
taken from these two lots, and placed on starch agar using techniques 
described previously. Aleurones were incubated on the agar four days. 
Aleurone layers from 3-year old seeds showed no evidence of amylase 
production. However, some aleurone layers from 1-year old seeds did 
produce amylase. The distribution of the amylase activity from 1-year 
old seeds is given below in order of largest to smallest diameters of 
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clear areas in stained starch agar. 
8, 8, 7, 5, 4, 2, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, Mean ; 2.2 mm 
Amylase Secretion by Aleurone Layers from Germinating Seeds 
Aleurone layers were dissected from germinating seeds at six 
different times during germination. These were incubated on starch 
agar for three days. The results are summarized in Table 6. Only slight 
differences in the mean diameters of the clear areas were observed. The 
"oldest" aleurones were taken from seeds in which the starchy endosperm 
had been almost completely digested and absorbed, but this did not appear 
to reduce the capacity of the aleurone cells to secrete amylase. There 
was an indication that aleurones from these "older" seeds were more 
variable in their amylase secreting capacity. 
Table 6. Amylase activity values expressed as millimeter diameters of 
clear areas in !£ stained starch agar produced by aleurone 
layers dissected from germinating seeds and placed on the 
agar three days before staining. 
Root length in mm at time of dissection 
0 1-2 3-4 9-12 15-20 30-40 
26 25 27 27 28 30 
24 23 26 27 28 27 
24 23 26 26 26 27 
23 23 25 26 26 25 
23 23 25 26 25 25 
22 22 25 25 25 22 
21 21 24 23 23 20 
20 20 24 23 11 
Means 22.9 22.5 25.3 25.4 25.9 23.4 
Amylase Secretion into Starch Agar Containing Plant Hormones 
To test the hypothesis that amylase production in P. pensylvanicum 
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seeds is analagous to amylase production in cereal grains and may there­
fore, be under the control of gibberellin and other plant hormones, 
aleurone layers were incubated on starch agar containing gibberellic 
acid, benzyladenine or abscisic acid. Table 7 shows results from a 
factorial experiment in which aleurone layers from 1-year old dormant 
seeds were incubated three days on starch agar containing gibberellic 
acid and benzyladenine at three levels of each. Two aleurones were 
placed in each small petri dish, giving two samples per replicate for 
each of the nine treatments. As shown by the data of Table 7, increasing 
the concentration of gibberellic acid tended to increase the mean diameter 
of clear areas produced, while increasing the concentration of benzyl­
adenine decreased the mean diameters of clear areas. The analysis of 
variance for this experiment is given in Table 8. The effects of 
gibberellic acid and benzyladenine were both significant. Interaction 
between the two hormones was not significant. The data are illustrated in 
Figure 10 by a plot of mean diameters for each treatment versus benzyl­
adenine concentration at each concentration of gibberellic acid. 
Table 9 and the associated analysis of variance in Table 10 are a 
summary of data from an experiment duplicating the experiment summarized 
in Tables 7 and 8. No important differences were noted. The effects of 
gibberellic acid and benzyladenine were both highly significant, while 
their interaction was not significant. 
Table 11 and the associated analysis of variance in Table 12 show 
data from another experiment executed in the same manner as the previous 
-"C J but 310VÎTCTÎ9 1fTC*" nlH Th A data. 
are more erratic, and the effects of gibberellic acid are not significant. 
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Table 7. Amylase activity values expressed as millimeter diameters of 
clear areas in Ig stained starch agar produced by aleurones 
dissected from 1-year old dormant seeds placed on the agar 
three days before staining. The agar contained 0, 10"?, or 
10~6 M gibberellic acid and 0, 10"^ or 10"^ M benzyladenine 
in all combinations. 
Cone. 
benzyl­
adenine 
Replicates 
(blocks) 
Cone, of gibberellic acid 
10-7 M 10-6 M Means 
0 1 11.0, 10.0 13.5, 13.5 15.0, 13.5 
2 9.5, 0.0 10.5, 10.5 14.5, 10.5 
3 7.5, 7.0 10.0, 0.0 8.5, 6.5 
a/ 
Means— 
4 5.8, 
6 
1.0 
.5 
16.0, 
10 
13.0 
.9 
7.0, 6.5 
10.3 9.2+1.0 
10~^ M 1 8.5, 6.0 13.5, 0.0 15.5, 12.5 
2 5.0, 3.0 14.0, 0.0 10.5, 8.5 
3 5.0, 0.0 9.0, 8.0 5.0, 
a/ 
Means— 
4 0.0, 
3 .9 
8.5, 
7 
5.0 
.3 
10.0, 4.0 
9.4 6.9+1.0 
-4 
10 M 1 6.0, 0.0 17.0, 10.0 6.5, 
2 8.0, 0.0 9.0, 0.0 16.0, 16.0 
3 3.0, 0.0 6.3, 0.0 14.0, 3.0 
^ / Means-
4 3.0, 
2 
1.0 
.6 
5.0, 
6 
1.0 
.0 
4.0, 
9.9 5.9+1.0 
Means 4.4+1 .0 8.1+1 .0 9.9+1.0 7.4 
a/ 
— Standard Error of a treatment mean is 1.7. 
Table 8. Analysis of variance for data of Table 7. 
Source of Sums of Mean 
variation df squares squares F ratios 
Mean 1 3486.1 
Blocks 3 269.0 89.7 
Gibberellic acid 2 282.7 141.4 5.84** 
Benzyladenine 2 191.3 95.7 3.95* 
Interaction 4 9.4 2.4 0.10 
Error 24 580.7 24.2 
Sampling error 36 611.8 17.0 
Total 72 5431.1 
at P = 0.05. 
**Significant at P = 0.01. 
Figure 10. Mean diameters of clear areas in stained starch agar 
produced in three days by aleurone layers from 1-year old 
dormant seeds as influenced by gibberellic acid and benzyl-
adenine in the agar 
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Table 9. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurones 
from 1-year old dormant seeds placed on the agar three days 
before staining. The agar contained 0, 10~7, or 10"^ M 
gibberellic acid and 0, 10"^, or 10"^ M benzyladenine in 
all combinations. 
Cone. 
benzyl- Replicates Cone, gibberellic acid 
adenine (blocks) 0 10 ^ M 10"^ M Means 
a/ 
Means— 
10"^ M 
a/ 
Means— 
10"4 M 
a/ 
Means-
Means 
1 15.0, 8.5 10.0, 10.0 12.5, 10 .0 
2 10.0, 0,0 10.0, 8.0 14.0, 10 .0 
3 9.5, 6.0 11.0, 5.0 11.0, 6 .0 
4 0.0, 0.0 7.5, 5.0 9.5, 9 .5 
6. 1 8. ,3 10. 3 8 .3+0.6 
1 9.0, 5.0 16.0, 12.0 18.0, 10 .5 
2 6.0, 0.0 14.0, 9.0 13.0, 7 .0 
3 7.0, 2.0 14.0, 4.0 12.0, 7 .0 
4 4.0, 0.0 5.0, 0.0 8.5, 7 .0 
4. 1 9. 3 10. ,4 7 .9+0.6 
1 8.5, 4.0 10.0, 9.0 9.0, 0 .0 
2 0.0, 0.0 9.0, 0.0 10.0, 7 .0 
3 5.0, 0.0 8.0, 7.0 4.0, 0 .0 
4 0.0, 0.0 6.5, 0.0 7.0, 0 .0 
2. 2 6. 2 4. 6 4 .3+0.6 
4.1+0. 6 7.9+0, ,6 8.4+0. 6 6 .8 
â / 
— Standard error of a treatment mean is 1.1. 
Table 10. Analysis of variance for data of Table 9. 
Source of Sum of Mean 
var iat ion df squares squares F ratios 
Mean 1 3362.0 
Blocks 3 323.0 107.7 
Gibberellic acid 2 263.3 131.6 14.28** 
Benzyladenine 2 226.3 113.2 12.27** 
Interaction 4 49.5 12.4 1.34 
Error 24 221.4 9.2 
Sampling error 36 476.0 13.2 
Total 72 4921.5 
K-» r* 1 
" "-0 XgiiXi. i.c. All au r — w.ux. 
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Table 11. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurones 
from 3-year old dormant seeds placed on the agar three days 
before staining. The agar contained 0, 10"^, or 10"^ M 
gibberellic acid and 0, 10"5, or 10"^ M benzyladenine in 
all combinations. 
Cone. 
benzyl- Replicates Cone, gibberellic acid 
adenine (blocks) 0 10"^ M 10-6 m Means 
0  1 14.0, 0.0 0.0, 0.0 18.0, 0.0 
2 0.0, 0.0 4.0, 0.0 4.0, 0.0 
3 0.0, 0.0 6.5, 0.0 8.5, 0.0 
a/ 
Means— 
4 11.0, 
3 
0.0 
.1 
17.0, 
3 
0.0 
.4 
16.0, 
5 
0.0 
.8 4.1+1 .2 
10-5 M 1 6.0, 0.0 11.0, 9.0 10.0, 8.0 
2 11.0, 3.0 18.0, 0.0 9.0, 0.0 
3 19.0, 3.0 20.0, 9.5 13.5, 13.0 
Means — 
4 0.0, 0.0 7.5, 0.0 0.0, 0.0 
5 .3 9 .4 6 .7 7.1+1 .2 
10-4 ^  1 0.0, 0.0 0.0, 0.0 13.5, 0.0 
2 0.0, 0,0 0.0, 0.0 7.0, 0.0 
3 9.0, 0.0 19.0, 9.0 10.5, 0.0 
Means — 
4 0.0, 0.0 0.0, 0.0 0.0, 0.0 
1 .1 3 .5 3 .9 2.8+1 .2 
Means 3.2+1 .2 5.4+1 .2 5.5+1 .2 4.7 
â / 
— Standard error of a treatment mean is 2.0. 
Table 12. Analysis of variance for data of Table 11. 
Source of Sum of Mean 
variation df squares squares F ratios 
Mean 1 1582.0 
Blocks 3 281.2 93.7 
Gibberellic acid 2 83.3 41.6 1.30 
Benzyladenine 2 230.3 115.1 3.60* 
Interaction 4 61.7 15.4 0.48 
Error 24 767.9 32.0 
Sampling error 36 1395.4 38.8 
Total 72 4401.8 
. . .  .  v s  A  r »  j-c.cviiu ac r — v.vj. 
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The effect of benzyladenine is significant at P = 0.05. There 
is a possibility that the erratic results were due to dead aleurone 
layers which were indistinguishable from living layers by visual 
inspection. 
To further substantiate the effect of gibberellic acid on amylase 
secretion by aleurone layers onto starch agar, an experiment was con­
ducted with concentrations of gibberellic acid in the agar, ranging 
-9 -6 
from 10 to 10 molar. Aleurone layers were dissected from 1-year old 
dormant seeds, and incubated on the agar for three days. The data are 
presented in Table 13 and illustrated in Figure 11 as a plot of mean 
diameters of clear areas in the stained agar versus molar concentration 
of gibberellic acid. The individual observations varied greatly as in 
the preceding experiments, but the means all followed the trend of 
increasing diameter of clear areas as concentration of gibberellic acid 
increased. The associated analysis of variance in Table 14 indicated 
that the effect of gibberellic acid was highly significant. 
The effect of abscisic acid on amylase secretion by aleurone 
layers was investigated in two experiments. The first utilized 
aleurone layers dissected from germinating seeds just after the fruit 
coat had split, and before the radicle had elongated. The agar con-
-9 -6 
tained concentrations of abscisic acid ranging from 10 to 10 molar. 
Data from this experiment are presented in Table 15. The means of 
clear area diameters decreased as the abscisic acid concentration 
— 6 increased from 10 to 10 molar. The associated analysis of variance 
in Table 16 indicated that the effect of abscisic acid was highly 
significant. Figure 12 is an illustration of the mean clear area 
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Table 13. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurones 
from 1-year old dormant seeds placed on the agar three days 
before staining. The agar contained gibberellic acid at five 
concentrations. 
Replicates 
(Blocks) 0.0 
Molar concentration, 
10-9 10"8 
gibberellic acid 
10-7 10-G 
1 7 12 16 16 20 
5 9 13 9 18 
2 8 8 15 16 14 
0 6 7 9 9 
3 17 18 18 19 19 
16 11 14 5 17 
4 6 9 13 19 17 
5 0 10 13 14 
5 7 12 9 13 15 
3 6 4 9 11 
6 4 6 12 15 12 
4 6 9 11 0 
7 8 7 9 12 16 
2 / 
Means— 
2 2 0 7 10 
6.6 8.0 10.6 12,4 13.7 10.3 
— Standard error of a treatment mean is 1.1. 
Table 14. Analysis of variance for data of Table 13. 
Source of Sum of Mean 
variation df squares squares F ratios 
Mean 1 7 364.6 
Blocks 6 488.6 81.4 
Treatments 4 492.7 123.2 7.74** 
Error 24 382.1 15.9 
Sampling error 35 582.0 16.6 
Total 70 9310.0 
**Signifi( ant at P = 0.01. 
Figure 11. Mean diameters of clear areas in I2 stained starch agar 
produced in three days by aleurone layers from 1-year old 
dormant seeds as influenced by gibberellic acid in the 
agar 
MEAN DIAMETERS OF CLEAR AREAS 
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Table 15. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurones 
from "just split" germinating seeds placed on the agar three 
days before staining. The agar contained abscisic acid at 
five concentrations. 
Replicates Molar concentration, abscisic acid 
(Blocks) 0.0 10-9 10-G lo­•7 10-6 
1 25 24 26 is 18 
24 24 24 13 17 
2 19 22 23 16 16 
17 16 12 15 12 
3 24 28 23 18 17 
23 22 22 15 17 
4 18 21 17 13 11 
17 15 12 12 10 
5 24 19 21 18 17 
21 18 21 16 14 
6 16 21 16 16 14 
11 14 13 13 11 
7 15 16 17 13 12 
a/ 
Means— 
14 14 13 11 11 
19.1 19.6 18.6 14. 8 14.1 17.2 
3- / 
— standard error of a treatment mean is 0.6. 
Table 16. Analysis of variance for data of Table 15, 
Source of Sum of Mean 
variation df squares squares F ratios 
Mean 1 20777.7 
Blocks 6 605.5 100.9 
Treatments 4 376.5 94.1 16.69** 
Error 24 135.3 5.6 
Sampling error 35 235.0 6.7 
Total 70 22130.0 
**Significant at P = 0.01. 
Figure 12. Mean diameters of clear areas in I2 stained starch agar 
produced in three days by aleurones from "just split" 
germinating seeds as influenced by abscisic acid in the 
agar 
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diameters in stained starch agar versus molar concentration of 
abscisic acid. 
Data from the second experiment with abscisic acid are given in 
Table 17. In this instance, aleurones were dissected from 1-year old 
dormant seeds and subjected to the same conditions as the previous 
experiment. In the absence of abscisic acid only about \ of the seeds 
-9 
secreted amylase and then only in small amounts. Even 10 molar 
abscisic acid reduced the number of aleurones that secreted amylase and 
higher concentrations of ABA completely prevented amylase secretion, 
i.e. no clear areas were produced in the I^ stained starch agar. 
Table 17. Amylase activity values expressed as millimeter diameters of 
clear areas in I2 stained starch agar produced by aleurones 
from 1-year old dormant seeds placed on the agar three days 
before staining. The agar contained abscisic acid at five 
concentrations^/ . 
Molar 
concentration Replicates 
of ABA 1 2 3 4 5 6 7 Means 
0,0 4, 0 0, 0 8, 0 10, 6 9, 0 3, 3 0, 0 3.1 
10-9 0, 0 7, 0 0, 0 0, 0 0, 0 3, 0 0, 0 0.7 
3 / 
— Observations for unlisted data were all zeros. 
Amylase Secretion into Buffer Solutions 
Several attempts were made to demonstrate secretion of amylase by 
P. pensylvanicum seed tissues in buffer solutions using the methods of 
Chrispeels and Varner (1967a). Activity was assayed by the reducing 
sugar method of Bernfeld (1951). Ten to 15 whole seeds, aleurone 
layers, or embryos, and all combinations were placed in 2 ml of acetate 
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buffer with added calcium ions in 25 ml Erlenmeyer flasks. These were 
incubated 24 or 48 hours on a shaker. All solutions were autoclaved or 
filter sterilized, and seeds were surface sterilized in Clorox 
solutions. Manipulations were done in a transfer room under aseptic 
conditions. 
None of the attempts yielded more than trace amounts of amylase 
activity. Addition of gibberellic acid or chloramphenicol to the 
incubation medium had no apparent effect. Another variable with no 
apparent effect was the stage of germination of the seeds. Whenever 
whole embryos were present in the incubation medium, however, they 
elongated in a normal manner, i.e. they were similar to embryos in whole 
seedlings grown on blotter papers. 
Properties of the Enzyme Extracts 
Throughout this study, crude water extracts were used to determine 
amylase activity, and no successful purification was accomplished. 
However, it was thought that several of the properties of the enzyme 
extracts could be usefully studied as a preliminary to possible studies 
with a purified enzyme. 
An attempt was made to determine the effect of extraction time on 
the amount of activity extracted. Two hundred seedlings approximately 
30 mm long were ground in 50 ml of water at 5° C. At intervals, 9 ml 
aliquots of the extract were removed, centrifuged at 2000 X g for 10 
minutes, then kept over ice until assayed. Table 18 shows the number 
of reducing groups in terms of maltose equivalents in the extracts, and 
the enzyme activity in terms of micromoles of maltose equivalents 
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produced per minute in the standard assay. Although the apparent 
reducing sugar content of the extract increased with length of extraction 
time, the amount of amylase activity did not change after the first 10 
minutes of extraction. 
Table 18. Amylase activity, micromoles of maltose equivalents produced 
per minute and reduc ing sugar groups, 
equivalents, in enzyme extracts as affected by length of 
extraction time. 
Extraction Micromoles maltose Micromoles maltose 
time in min. produced/min. present in extract 
10 0.0169 1.48 
20 0.0135 1.53 
40 0.0135 1.60 
80 0.0140 1.71 
160 0.0132 1.87 
In a further experiment the effects of the dissection techniques on 
activity of the anzyme extract were determined. Two lots of 40 seedlings 
with roots approximately 13 mm long were selected. The first lot was 
ground and extracted whole, using the procedures described previously. 
In the second lot, fruit coats were removed, the seeds were dissected, 
then the embryos and endosperms were recombined, and ground and extracted 
together. Data are summarized in Table 19. There appeared to be more 
reducing sugar groups present in the extract from dissected seedlings but 
the amount of enzyme activity was essentially the same with both treat­
ments. From these results it was concluded that dissection did not 
appreciably change the level of extractable amylase activity, and thus 
was an acceptable technique for determination of the enzyme distribution 
in the seeds. 
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Table 19. Amylase activity, micromoles of maltose equivalents produced 
per minute and reducing sugar groups, micromoles maltose 
equivalents, in enzyme extracts as affected by dissection. 
Incubation Micromoles maltose Micromoles maltose 
Treatment time in min. produced/min. present in extract 
Whole seeds 8 
16 
Dissected seeds 8 
16 
0.0450 1.16 
0.0419 
0.0413 1.41 
0.0419 
Maltose Effects on Amylase Activity 
To determine whether reducing sugars might strongly affect the 
activity of the amylase, an extract of endosperms from seedlings with 
roots about 30 mm long was incubated in the presence of added maltose. 
Table 20 shows the results of incubating this enzyme extract in the 
presence of one micromole of maltose per ml of incubation medium. 
Although the enzyme activity was slightly less in the presence of added 
maltose, the difference was not great, and no correction factor was 
calculated for the presence of reducing sugars in enzyme extracts in any 
of the experiments performed. 
Enzyme Dilution 
The following test was performed to determined whether dilution of 
an enzyme extract would result in a linear reduction in activity that 
extrapolated to zero. Seedlings with approximately 10 mm long roots 
were extracted, and the extract was diluted with water to relative 
concentrations of 0.5, 0.25 and 0.125 and assayed as described previously. 
I'he extracts were incubated 4, 8, 16, 32, and 64 minutes. The more 
Figure 13. Micromoles of maltose equivalents produced per minute by 
an extract from germinating seedlings as a function of 
extract dilution 
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Table 20. Amylase activity, micro moles of maltose equivalents produced 
per minute and reducing sugar groups, micromoles maltose 
equivalents, in enzyme extracts as affected by added maltose. 
Micromoles maltose Micromoles maltose 
Treatment produced/min. present in extract 
Maltose solution 0.0 0.98 
Enzyme extract 0.0900 0.92 
Extract plus maltose 0.0863 1.91 
dilute extracts were incubated longer times so as to produce approximately 
equal amounts of reducing sugar groups. Table 21 shows the production 
of reducing groups as a relationship between dilution of the enzyme 
extract and length of incubation time. Figure 13 illustrates that the 
activ '_y was a linear function of enzyme concentration that passed 
through zero. This indicated that there were no seriously complicating 
factors in the extract. 
Table 21. Amylase activity, micromoles of maltose equivalents produced 
per minute, in an enzyme extract from germinating seeds as 
affected by dilution of the extract. 
Relative enzyme Incubation times in minutes 
concentration 4 8 16 32 64 
1.0 0.0575 0.0788 0.0856 
0.5 0.0338 0.0400 0.0412 
0.25 0.0181 0.0200 0.0181 
0.125 0.0088 0.0097 
Starch Concentration 
This experiment was designed to determine the lower limits of starch 
ccncentretion îrh uonlH allow detectable amylase activity by a typical 
enzyme extract from germinating seedlings. Starch solution was prepared 
Figure 14. Amylase activity, micromoles of maltose equivalents pro­
duced as a function of incubation time for each of three 
substrate concentrations 
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as described previously, then diluted with phosphate buffer. The final 
concentrations of starch in the incubation media were: 2.25 X 10 ^  gm/ml, 
2.25 X 10 gm/ml, and 2.25 X 10 gm/ml. Results are presented in 
Table 22, and illustrated in Figure 14. Apparent activity of the enzyme 
was reduced more than 50% by a 10-fold dilution of substrate, and activity 
was reduced to a trace by a 100-fold dilution. At a starch concentration 
-4 
of 2.25 X 10 gm/ml, enzyme activity was not linear with respect to time 
after 16 minutes of incubation, indicating insufficient substrate for 
saturation of the enzyme. 
Table 22. Amylase activity, micromoles of maltose equivalents produced 
per minute by an enzyme extract from germinating seeds at 
three levels of starch concentration. 
Incubation Starch concentration, gm/ml 
time in min. 10-3 10-4 10-5 
4 0.0525 0.0200 0.0 
8 0.0563 0.0238 0.0 
16 0.0638 0.0181 trace 
Effect of Temperature on Amylase Extracts 
The effect of temperature on the rate of enzyme reaction was studied 
by varying the temperature of incubation between 25 and 50° C. At each 
temperature, activity was assayed after 4, 8, 16, and 32 minutes of 
incubation. Figure 15 illustrates the results by a plot of amylase 
activity in micromoles of maltose equivalents versus incubction time 
for each of six incubation temperatures. Initial velocities of the 
reactions were estimated from the slope of the straight line portion of 
the curves. Figure 16 is an Arrhenius plot of log initial velocity versus 
Figure 15. Amylase activity, micromoles of maltose equivalents produced 
by an extract from germinating seeds, as a function of 
incubation time for each of six temperatures. Solid lines 
represent the portions of the curves used to estimate initial 
velocities 
y 
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Figure 16. Arrhenius plot for data illustrated in Figure 15 
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the reciprocal of the absolute temperature. An energy of activation, E, 
was calculated from the slope of the Arrhenius plot by the relaticnsnip 
discussed by Dixon and Webb (1964 page 152). where, slope of the 
Arrhenius plot equals -E/ 2.303R. Taking the slope calculated from the 
extreme points as -1920 degrees, the energy of activation under these 
conditions was calculated to be about 8800 calories/mole. 
In additon to the energy of activation, a temperature coefficient 
was calculated. is the factor by which the velocity of a 
reaction is increased on raising the temperature by 10° C. Between the 
temperatures of 25 and 50° C, the for this reaction was calculated 
to be about 1.6 by taking the average of the ratios of initial velocities 
for each 10° C difference in temperature of incubation. 
Temperature Effects on Enzyme Stability 
Preliminary tests and repeated trials showed that freezing the 
extracts had no effects on the amylase activity. To determine the 
effect of higher temperatures on the stability of the enzyme activity, 
0.5 ml samples of an extract were pre-incubated for 1 hour at temperatures 
ranging from 10 to 60° C. All samples were then assayed in the usual 
manner at 30° C. Figure 17 illustrates the results as a plot of initial 
activity versus pre-incubation temperature. Under the usual conditions 
of extraction and assay, the enzyme activity was stable at temperatures 
below 40° C. Between 40 and 55° C the enzyme activity was progressively 
less stable, and after one hour at 60° C only a trace of activity 
remained. 
Figure 17. Amylase activity, micromoles of maltose equivalents produced by an extract from 
germinating seeds, as a function of pre-incubâtion temperature 
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Effect of pH on Activity of Extracts 
This experiment was concerned with the effects of pH on the 
stability and activity of an enzyme extract from germinating seeds. 
The seedlings were extracted with water and the extracts held over ice. 
For the assay, 0.5 ml of starch solution and 1 ml of buffer were added 
to 0.5 ml of the enzyme extract. The mixture was then incubated at 30° 
C for 8 and 16 minutes. Buffers were made by mixing 0.2 M NagHPO^ and 
0.1 M citric acid in the proper proportions to give the desired pH. 
The stability of the enzyme at various pH's was tested by incubating 
0.5 ml of enzyme with 1 ml of buffer at 30° C for one hour before 
adding the starch solution and allowing the reaction to proceed as 
usual. The results are illustrated in Figure 18. This amylase showed 
very low activity at pH's below 3.5. There was a sharp rise in 
activity to a maximum near pH values of 4.5, to 5.5, then a decline in 
activity with increasing pH, but there was still detectable activity 
at pH of 8. Based on the limited data presented here, the enzyme 
appears to be inactivated by pH's below about pH 5, but relatively 
stable at pH's above 5. The pH activity curve was similar to that shown 
by alpha amylase from sorghum as presented by Robyt and Whelan (1968). 
Figure 18. Amylase activity, micro moles of maltose equivalents 
produced per minute by an extract from germinating seeHs, 
as a function of pH 
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DISCUSSION 
This investigation has elucidated the development of amylase 
activity during germination and early seedling growth of P. pensylvanicum, 
has demonstrated that the aleurone layer is the source of the amylase 
activity, and has shown that amylase secretion by aleurone layers may be 
influenced by exogenous plant hormones. The effects of temperature and 
pH on activity and stability of the crude extract from germinating seeds 
were also studied. The results are in general agreement with earlier 
studies of cereal grains. 
Development of amylase activity in germinating seeds of P. 
pensylvanicum follows a time sequence related to physiological age of 
the seedling. Dormant seeds have levels of amylase activity near the 
limits of detectability for Bemfelds reducing sugar assay. Nondormant 
ungerminated seeds had slightly more extractable activity. As the 
radicle began to elongate during germination, however, amylase activity 
from whole seedlings rose rapidly to a peak at about 9 mm of seedling 
root length, and then fell rapidly to near zero by the time the seedling 
roots were 25 mm long. In contrast to this pattern, seeds with the 
embryos removed just prior to enzyme extraction, here referred to as 
endosperms, showed a gradual rise in amylase activity to a broad peak 
at seedling root lengths of about 15 mm, then a gradual fall in activity 
with appreciable activity remaining at seedling root lengths of 35 or 
40 mm. Isolated embryos at the same stages of development had only 
negligible amounts of amylase activity. 
Kneen (1944) and many other workers have demonstrated that the 
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amylase activity in dry seeds of cereal grains is generally at a low 
level but increases rapidly during germination. Kheen also found that 
development of the amylase activity closely paralleled seedling growth. 
In one of the few studies of dicot seeds. Swain and Dekker (1969) found 
low levels of amylase activity during early stages of germination of 
peas, then a rapid increase in activity coinciding with degradation of 
starch in the cotyledons, and finally a gradual decrease in amylase 
activity as the seedlings grew older. 
In the present study, physiological age of the germinating embryo 
was an important factor in the apparent development of amylase activity 
during germination. Assay of extracts made by combining endosperms from 
seedlings with root lengths of about 9 mm with embryos from seedlings at 
several stages of germination showed great differences in amylase 
activity with differences in physiological age of the added embryos. 
The youngest embryos greatly stimulated amylase activity; there was 
progressively less amylase activity as age of embryos increased, and 
embryos with roots longer than about 15 mm showed decreased amylase 
activity relative to endosperm extracts with no added embryos. One 
could hypothesize the development of proteolytic activity in the embryo 
tissue as it matured to explain the decrease in activity in the presence 
of older embryos, but the apparent stimulation of activity by younger 
embryos was more obscure. There did not seem to be sufficient time 
during the extraction process for hormonal action which could increase 
synthesis of amylase. 
The amylasA arfiwify ir germir.sting seeds cf various cpccics 
has been shown to come from two sources, the aleurone layer and/or the 
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cotyledons. In the present investigation, it was demonstrated that 
embryos dissected from germinating seeds were able to grow on starch 
agar containing sucrose without secreting amylase activity, while 
aleurone layers dissected from germinating seeds consistently secreted 
large amounts of amylase activity. Aleurone layers from germinating 
seeds retained their ability to secrete large amounts of amylase 
activity from the earliest stages of germination until the growing 
embryos had exhausted the starchy endosperm. Only about 50 per cent 
of the aleurone layers from dormant seeds were capable of secreting 
amylase, and those that did secrete produced less than aleurones from 
germinating seeds. 
In other studies. Dure (1960) found that in maize the scutellum 
secreted an alpha amylase which accounted for most of the amylase 
activity present during germination. However, some beta amylase was 
present in the starchy endosperm. Simpson and Naylor (1962) found that 
both the scutellum and the aleurone layer of oats were capable of 
secreting amylase activity. 
In the present study, aleurone layers from dormant seeds of 
pensylvanicum were shewn to respond to gibberellin much like aleurone 
layers from cereal grains, i.e., they were stimulated to produce more 
amylase in the presence of gibberellin. They were very similar in this 
respect to aleurone layers from oats described by Naylor (1966). Paleg 
(1960a, b) and many subsequent workers have elucidated the role of 
gibberellin in the stimulation of amylase synthesis by aleurone layers 
of cereal prains. PewAr sfiiHiPS nf this narnre have been rnnrornoH with 
dicots. However, in one such study, Sprent (1968) found that gibberellic 
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acid had no effect on amylase activity in germinating pea cotyledons and 
did not stimulate cotyledons from nongerminating peas to produce amylase 
on starch agar. 
In the present investigation, the synthetic cytokinin benzyladenine, 
was found to inhibit secretion of amylase by aleurone layers from dormant 
seeds of P. pensyIvanicum on starch agar. This was in agreement with 
Juliano and Vamer (1969) who found that benzyladenine reduced amylase 
production in cotyledons of germinating peas, but in opposition to studies 
by Boothby and Wright (1962) and Wright (1963) which indicated that 
kinetin promoted amylase activity in isolated endosperms of wheat. Ogawa 
and Imamura (1965) and Verbeek, Van Onckelen and Caspar (1969) detected 
no effects of kinetin on amylase production by isolated endosperms of 
rice and barley respectively. 
Results from the present study indicate that abscisic acid inhibits 
amylase production by aleurone layers from both dormant and nondormant 
seeds of P. pensyIvanicum. Khan and Downing (1968) and Khan (1969) have 
shown that abscisic acid will completely inhibit alpha amylase synthesis 
in barley seeds. 
A partial characterization of the amylase activity in crude water 
extracts of germinating seeds was made to study the effects of temperature 
and pH on the enzyme. The amylase activity was found to be stable at 
temperatures below 40° C. A of 1.6 and an energy of activation of 
approximately 8800 calories/mole were calculated for the reaction of the 
crude extracts with soluble starch, using equations from Dixon and Webb 
(1964). The enzvme aooeared to be inactivated bv pH values below 5, but 
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relatively stable at pH values above 5. The highest activity was obtained 
at a pH of 4.5. 
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SUMMARY 
This study was undertaken to determine the tissue distribution of 
amylase activity in seeds of Polygonum pensylvanicum as it varied 
during germination and early seedling growth, and to determine the 
effects of the embryo and several plant hormones on production of 
amylase activity. In addition a partial characterization of the 
properties of the enzyme extract was made. 
Germinating seeds were extracted in water and the relative amounts 
of extractable amylase activity were determined for the endosperm, the 
embryo and whole seedlings over the period of germination and early 
seedling growth. Amylase activity from endosperms rose gradually to a 
broad peak then decreased gradually until the starchy endosperm had 
been exhausted. Embryos had very low levels of amylase activity at all 
stages of germination. Amylase activity from whole seedlings rose 
sharply to a narrow peak then fell sharply to near zero before the 
starchy endosperm became exhausted. Amylase activity was strongly 
affected by the age of the embryos in the extracts. 
Embryos and aleurone layers from germinating seeds were incubated 
on starch agar to determine their potential for secretion of amylase. 
Embryos from germinating seeds grew on the agar, but did not secrete 
amylase. Aleurone layers from seeds in all stages of germination 
secreted relatively large amounts of amylase. 
Aleurone layers were incubated on starch agar in the presence of 
gibberellic acid, benzyladenine and abscisic acid to investigate the 
effects of these hormones on the secretion of amylase. Amylase 
89 
secretion by aleurone layers from dormant seeds was stimulated by 
glbberelllc acid and inhibited by benzy1 adenine. Abscisic acid 
Inhibited amylase secretion by aleurone layers from both dormant and 
germinating seeds. 
Characterization of enzyme extracts included the effects of 
temperature and pH on the stability and activity. The enzyme activity 
was stable at temperatures below 40° C. A of 1.6 and an Energy of 
Activation of 8800 calories/mole were calculated for the reaction of the 
extracts with soluble starch. The enzyme was most active at a pH of 
4.5. It appeared to be stable at pH's between 5 and 8. 
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